(2) all American food ma terials are available.
The study of the phosphates and other phosphorus compounds in food and nutrition received little attention by investigators until Forbes' and Hart 2 showed that malnutrition was often attributable, not so much to a low protein diet, as to a deficiency of phosphorus. Investigation and interest in this subject was aroused. The phosphorus c ompounds are as definitely essential to every living cell as are the proteins, and are as fundamentally requisite for the growth, development and functions of the organism.
Phosphorus was accidentally discovered by an alchemist named • Brandt 3 0f Hamburg, while experimenting with urine in 1669.
As urine contains only a small quantity of phosphoric acid~ phosphorus did not become generally known till about one hundred years later.
Brandt, adhering to his original method in preparing phosphorus from urine, guarded his secret for a long time, but finally agreed to sell the secret of 5 .his manufacture 1::'0 -a man _named. Kraft._ "Kraft .. · exhibned i t as one of the won9.ers of nature to various crolmed heads, among , them, in the year 1677, to King Charles II of England. 116 Kunkel skil lfully elicited the coveted information from Kraft and published, ' in the year 1678, a pamphlet on this remarkable product. In those early days, phosphorus was a very 'Bull.201, Ohio Exp. Sta. (1909) IBull. 5, Wis. Exp. Sta. (1908) 3Gmelin's Hand-bool{ of Chemistry, Vol II, p. 102. 4Hammersten's Physiol. Chern. p. 722. 5The process consisted in distilling evapora ted urine with sand in clay retorts. 6Roscoe and Schorle~~er, Treatise on Chern. Vol I. p.458. costly substance and ',ms valued as the most interesting chemical substance lmOWJ;l. In 1769, Gahn showed it to be an e ss ential constituent of bone. Scheele l , profiting by t h is later discovery, made phosphorus from bone ash. At one time, phosphorus was considered a compound body containing "phlogiston" and an acid, but Lavoislier 2 in 1780, shovled that when phosphorus is burned in the air, the acid produced weighed more than the phosphorus itself. It seems strange that the sources of Brandt's phosphorus and Gahn's did not indicate to the early chemist the physiological importance o,f the element.
Phosphorus occurs in the inorganic world as phosphoric acid united with bases, chiefly with the alkalies and alkaline earths, and enters the plant only in this form.
Plants are able to utilize the inorganic materials of the soil and synthesize the complic a ted substances which serve as a source of phosphorus supply for animals. The phosphorus 'compounds of animal tissues have been much more extensively studied than those of plany tissues, but their extreme complexity has baffled the efforts of chemists to such an extent that the true chemical nature of many such substances is very imperfectly understood.
Phosphorus exists in the ani mal body in o~g anic and inorgandc forms. In the nervous system, and playing an impobtant part in its structure, we find a variety of soL, cxxxvii, pp, 202, 337, 4 39, 1903 . 4Bull. 201, Ohie Exp. Sta. (1909) . s~ull. 1, Wis Exp. Sta. (1909) . 
suppl y of nutrient mat eria l ,sufficient for consid-erable growth of pl a nt structure.
EXPERI MENTAL PART.
Preparation of Materia l.
A half bushel of potatoes, as purchased , was thoroughly cleaned (scrubbed), and then peel ed as ordinarily prepared in t he kitchen . The pa irings were left to partially dry in the ai r, wh ile the edible portion was ground as f i ne as possible, to facilit a te ra pi d evapo r a tion. The drippings from the g ri nd i ng process Vlere carefully preserved a nd put i n l arge evaporating dishes. The peeled pota toes, exposed t o the air, changed in color to a reddish-brown, and as the process of drying 'continued, to a bl ack brown.
This change was due to the action of enzymes in the potato, which in the pres ence of the oxyg en of t he a ir, act upon the t ann in-like bodies in the tuber. The mass was then spread upon g la ss plates cut to fit into a long narrow box .
An electric fan was employed to drive a ir through a heated galvanized iron tube connec ted with t h is box. The t emperature of the air in this box was approximately 35° C; higher tempera ture being avo ided to prevent dex trini zing t he starch. A few hours sufficed to drive out t he greater portion o\ f water, but th e process was continued three days to compl e t e t he drying . '1'he drippings were d ried in a Simi l ar way, and the residue comb.ined with the ttlafrf mass . 
We ight of edible portion (ori ginal) --_ 10000 g. We ight of edible portion (dried) -------2040 g.
Loss in drying --------7960 g .
The moisture in edible por1l.ion, according to these fi gures , was 79.6 per cent. The parings were also ground in a chopper and dried in the same manner .
W eight of parings (ori ginal) -_-We i ght of parings (dried) ------Loss in drying -------1960 g . 360 g . 1436 g .
The percentage of mo i sture in parings according to t hese figures, was 79.9.
The dessicated material of edible portion and parings was separat ely ground in a mortar, and sif t ed t hrough , seventy mesh wire gauze , until all the particles Vlere so reduced that they passed through the gauz e .
Considerable time was required for t he p'r ocess . The edible portion, as COlUpleted , was a light gray powder; the parings, a li ght brown and of a softer and finer texture.
Moisture Determination.
Quantitative de termina tions of moi s ture were made with the edible portions and parings. The portions were successively heated i n an air-bath for periods of two hours at a temperature of 95°_105° C.,cooled in a dess ic a to.r and wei~hed.
Constant weight wa s obtained after four interval s of drying .
5.4836 g. of edible sUb stance showed a loss of .5628 g . Percent age lo ss , 1 0 .3. 5.0817 g . of paring s showed a loss of --------. 6588 g .
Pe rcenta ge lo ss , 12.1 (9) Determination o f To t a l Pho sphorus.
Total phosphorus det e r minat i ons of t h e ed i bl e porti on and paring s were first made. Aft e r experimenting with various methods for decomposing the organic mat e'rtal 1. , that of boiling with concentrated sulphuric and nitric ac id s was found to ")be by far the most efficient. Huch trouble wa s experienced with excessive frothin g of the material dur i ng decomposition.
A rather deta iled de s cription. though apparently superfluous, will be appr' eciat ed by one performing this pha s e of the work.
In each case a wa.ighed quantity of the pr epared substance was used. Two or three g rams of the material . so large a portion to be burned 'at one time, a liter flask is scarcely adequate.
The time consumed for the complete operation was perhaps seven hours when twenty grams of material was used.
In the case of the edible portion, the resulting acid mixture was clear and .colorless, but with the parings, a millcy preCipitate settled upon cooling, although the supermatamt liquid was quite clear. It was concluded t ha t this was an inorganic redisue due to the large amount of inorganiC material in the parings. '
The contents of the digestion flasks was removed to a beaker and diluted w'i· th the rinsings (four) from the (11) .
fl a s k , n eutralized with concentrated a mmonium h ydrox i de ;
then a cidi f i ed with c oncent r i ted nit r ic acid .
Upon wa rming , 125 c . c . ammon i um molybdate s olution (75 g . cryst a l lized ammoniulIlmo l ybdate to l iter), was added , and enough ammonium nitra te crystals to make a t en per cent concentrat ion .
Aft er warm i ng to 60° C, and maintaining the t emperature fOr several hours, . the inmoni um phospho-molybdate was f11 tered . 'l'he operation was continued i n the usua l manner and the phosphorus weighed as magnes i um pyroph osphat e . The results of t he experiment s a r e given in the following table . Ac cord ing to publish ed st a tistics , t he maximUJIl amount of P a 0 5 t o be expected in 100 g rams of undri ed ed ibl e portion i s . 2070 g fla ms , t he average , .11 04 g r ams , and t he minimum , . 0690 g rams. By t he pre vious ex perimen t on moisture det e r mination , VI e may estimat e 1 00 grams of ed ibl e IBul l 28 , U. S . Dept. of Ag ric ulture .
substance as equal to 2(0 grams of the dried materi,al, hence, the percentage of P a 0 5 in the undried edible portion was .0906. By comparison, ' the potato used falls somewhat short of the average. The n oticeable feature of this part of the work is the large content of phosphorus in the parings, as compared with that of the edible portion. If these phosphorus compounds are in available forms for the organism, it is evident that a l~rge part of the food value, in the form of mineral matter.' is lost in the common methods of preparation, 1. e., of peeling the potato, a point which 
and study prior to the establishment of its identity), we dosignate as, "acid soluble-alcohol insoluble" sUbstances. Analyses of Edible Portion.
(a) Lipoid Extractions;
As th~ solubilities of lipoids differ with hot and cold alcohol, hot alcohol was used in this determination to insure as complete an extraction as possible. The
Erlenmeyer flask containing a weighed amount of dessicated material was three fourths submerged in hot water, to obviate the annoying bumping which a slight immersion did not prevent.
The temperature of the water-bath was gradually ' raised until the alcohol boiled vigorously for five minutes.
The flask was then removed, shaken and replaced for several minutes in the water bath. After filtering through a hot-' water funnel, the residue was returned to the flasl{, more ( 14) alc oho l added and the pro cess continued five ti me s. 
and dried in a vacuum dessic a tor over s ulphuric acid in the , dark . A dark gray, powdery sUbstance sesulted.
Its aqueous so luti on was acid to litmus paper.
Qualitative te s ts showed phosphorus pre s ent, but sulphur and nitrogen tests were nega tive, as was also the biuret te s t.
After boiling with hydrochloric acid and neutralizing, the 
is necessary, for if both acid s are added at once, as be f or e , and in the usual quantities, (1 0 c.c. of sulphuric and 10 c. c . of nitric acids), the heat spontaneously produced will c ause a frothing too great to be controlled, so it was found expedient to add but 3 c.c . of sulphuric acid and the same of nitric acid and a ll ow t h e f l ask to remain in a cold ba th.
Upon sjj.al{ing, simi l ar 'quantities of acid were succes s ively add ed, , and the flask kept cool in the ba th. After 15 c.c. of e a c h had been adde~, the flask was l eft in the bath over night.
By the next morning, t he bl ack, gummy mass had completely disso l .ved', and was ready for boiling . The boiling was s to pped when the ,mass was seen to darken a nd char, and then more nitric acid was added. The prolce;s's was conti nued until the mixture was clear and colorless af ter prolonged . loj e<"'tjfUg, ', a: hl1 ~ ... After the acid extractions t he residue of po~ato was dried in t he hot bath at a t emperature of 65° C. The substance Pct. Fraction 4 P in dry potato.
.
0712
.0523
.0569
.0711
.0777 .
The loss of weight in grams in the dried potato by the successive extractions was noted in several determinati on s.
The e rror in these figures, attributable to incomp lete drying, is doubtless large, but they are inserted for the sake fif indicating roughly the loss of material in the various extra cti ons. The loss noted in t he alcoholic extractions, consists most ly of water. Rot alcohol, when filtere9-, showed Uipon a very Slight cooling, a thin nebula,thruughout.
Th:is increased rapidly with the cooling frem a film to a thick cloud, which resolved itself into a h, eavy precipita te at the bottom of the 'beaker.
There was no .apparent decI'ease in, the amount of this sub}3:tmrte in the four ensuing extractions, so three more were deemed necesary. Even the last f1 It rat e did not present an entire transparency, on cooling. These seven extractions were combined as heretofore, and the amount of residue le;rt by evaporation of the alcohol was noted. The physical properties accorded with those of the material similarly elZ:tracted from the edible porti on. The mass was dried in the air bath at 65°; then oxidized as before i n a Eje l dahl dieestion flask. The proc edure was the same as for fraction four of the edible porti on .
Wh en the dGcomposi ti on wa c finished , a white res i due was noted, but t he liquid above was cle ar and co lo rl ess . A q uantitat ive phosphorus determination was made. Anderson on phytin from wheat bran, but the percentage of ( 28 ) pho sphorus was I!lUch lovler . The range of percentag es in t he seven dete rmination calls an inquiry a s to vlhet her or no t th is was a sing le substance or an admixture . An i odine test for dextrine in this fraction was positive.
In h is worl{ on wheat bran, Andersen mentioned t he presence of c ertain sub s tances which caused "subsequent purifi ca tion difficult, espec ially the fil trat ions .· He sugges ted as an explanation of this that c ertain d i ss olved proteins are cont a i ned i n t he 0.2 per cent hydrochloric acid and that these subst a nces rendered -,i<I;loo luble , form a slimy mass which closged the filter paper . The difficulty was . identical in t he potato ext r a ction, to such an extent, t hat):.
t h e filter papers had to be renewed in order to secure a f ilt ra tion.
And er son f'ound that the sugg e s tion made by Dr .
Jordan, to preci pitate the bran extract with t annic acid, obviated this difficulty, so the meth Jd wai tried in this work .
Tannic acid Me thod.
New portions of about one hundred g rams e a ch of the edib le port i on and parings were t aken and lipoid ext ractions made. Then, after di ges ti ng each with 200 c.c. of 0.2 per cent hydrochloric acid over nigh t, t he filtrate was precip it ated with a 1 0 per cent solution of tannic aC id, -100 c . c . being used . A f ine, voluminous p r ec i pit a te of mil l{y col or appeared ins t ant ly. l'his was allowed to set tIe over night.
By the next day it had assumed a thic k waxy consi stency , and had a da rk brown . color . It could readi l y be r olled into a' uniform mass with a stirring rod. The l i quid was d ecanted as bef ore t hrough ordinary filter paper (doub l ed) and t hen (29) tJ:iro ugh hard ened fi 1 ter pap e r. The con plete fil tra ti on was ac c omplished in thirty mi n u te s, wh e rea s h ours we re con s um ed in the usual process. The tannic a cid was evidently effective in removing the, cause of the difficulty hitherto experienced.
'r )
he gummy sUbstance thrown by the tannic acid was tested qualitatively for phosphorus. A positive resurt was obtained.
A biuret test for protein was also positive.
On drying, this !'laterial took on the appearance of hard rubber, being jet-blaCk, hard and lustrous.
Unfortunately, but one 0. Pct. of P in f rac 2 .
1 6 . 7
The percentag e found i s higher t han t hat usually attr i buted to phytin , i.e., 14 per cent. Accord ing to Ander s on!. wh en the tannic a cid method is used, the resulting substance is sightly diff e rent i n co mposition fro m that obta ined in t he first met hod . In hi s de teDmination of wheat . br an by t l¥smethod, the phytin contained 15 .23 per c ent phosphoru s ; t he subst ance , however, h. ad been five ti mes purified , whereas this had been but twice purified. It will be observed t ha t i n our phosphorus determination of the wheat bran phytin, ( p 36 t hi s paper), where five purifications we re made, the percent age of phosphorus was lli gller than when only two.purific a ti ons we r e made. Hence we cannot assume that . inorganic phospho rus is s till in t he above organic phosphorus compound, causing thts discrepancy.
Edibl e Portion B.
To this half' of the 0 . 2 per cent hydrochloric acid filt ra te , a soluti on of' ba rium chloride was added which caused IJourn. Biol. Chern. Vol XII, p 4 62 .
a small precipitate to fOrm. An equal quantity of alcohol was added, the mixture well stirred and left over night .
•
The resulting preCi pita te was much grea ter than in A. After filtering, the precipitate was dissolved in 0.5 per cent hyd.rochloric acid and precipif.ated wi th an excess of bariumhydroxide. Upon filtering, the preCipita te was dissolved in Pct. of P in frac 2.
16.1
Here again the percentage of phosphorus is higher than in the phytin from vmea t bran obtained by And ers on (10.8%).
with the aid of Barium chloride.
Parings A.
The procedure with this portion was identical witJh that of edible portion A. After stirrinr:, upon the addition of the usual quantity of a])cohol, a more voluminous prec ipitate quickly formed. It was also flakey, but somewhat darker in color.
The precipit a te settled in a short time, leavine the alcohol-acid mixture clearer and lighter in color than it was prior to t he additi on of the alcohol. Af ter ,fil tering through hardened fi lter paper, the precipitate was dissolved 
36.10
Pct. of P in frac 2.
15.66
It will be observed that the percentage of phosphoru s is comparable to that of the corresponding material from the edible portion. (p30). A phosphorus determination IDS made. Results appear in Table   XVI , pag e 34.
The percentage of phosphorus is slightly lower than that g iven by Anderson in his phosphorus in the barium salt (34) from whe a t bran , but' more nea rl y conforms with it than B of' , the edible portion .
This discrepancy in results is unexplai ned .
There has not been time for repet iti on of these experiments .
Fom the analyses of the substances obtained from the edible portion and parings by the method just described, we conclude that phytin, or some, substance closely related to it, is present in the potato. 
therefore, that this material is of a markedly different nature from the correspo' nding material from bran, and is not to be considered merely as a crude phytin fraction, although there is some phytin in it (p ).
That this fracti on which was free from inor"anic phosphates, contains other phesphorus compounds also, is indicated by tr.e fact that the phosphorus left in solution after the above tannic acid and barium c hl oride trea tment in both edible portion and paring s was g rea ter in amount than that found by si~! ple alcoholic precipitat ion, Le., the phosphorus of fr a cti on three was g reater when this Llethod of separa ting fraction two was e mpolyed as shown in the following:
Tannic Acid Method for Fraction 2, . 097%
.1345 g .
. 13%
.0945 g • • 093%
.1289 g •
• 12%
The finding of phosphorus in a tannic ac id precipitate al s o indicates that there are va rious compounds of phosphorus in fraction 2. By compa ri son of Tables XVIII and XIX, page 3 9, we find that the t ann ic ac id causes a decrease of phosphorus in fraction 2" while an increas e is not ed in fraction 3, but the d ifferenc e is so, sli ght as to be inadmi ss ible.
(3 9 ) 
Summary.
1-The. results obta ined l ead us to think t hat the method pursued is perhaps effe ctua l in the separa tion of t he four types of phosphorus compounds . Vie realize that the data submit t ed do no prove this conclusively, but we believe add much ev i den c e in favor of the assertion. More da t a mus t be a ccumulat ed and more extensive investi eation made , before t he me thod c an be considered reliable.
2-
The phosphorus in the edible potJt ion was found to be distributed amo ng the four cla sses of phos phorus compounds as follows , i;e., (1) Fract i op 1, (Lipoid), 8 . 2 p~r cent ;
(2) Frac t ion 2, ( Ac id so l ub le-alcohol insoluble), 7 . 3 per 
